Abstract. The ageing process is naturally accompanied by changes in people's cognitive processes. The European population ageing is a challenge for the European social policy and for the mental health professionals. New technologies can play an important role in the neurocognitive stimulation area as they possess characteristics that might reduce the anxiety levels of patients participating in neurocognitive stimulation or assessment programs. In particular, serious games provide a setting that can be explored to improve the easy access to neurocognitive stimulation and assessment, regardless of place and time, at a lower cost then traditional approaches. This paper presents a serious game aiming to analyse neurocognitive deficits and stimulate the players' deficitary neurocognitive processes. This game is built on top of sound neurocognitive psychotherapy for adults, mainly addressing the cognitive processes of attention and memory. The game will simulate real world scenarios, allowing a better generalization process due to ecological validity.
Introduction
With the increasing number of the elderly in our population, it is possible to verify the consequent increase of the cognitive decline incidence. Neurocognitive stimulation has been a highly approached research area for the past years, as it offers new opportunities for people with cognitive impairments. Several neurocognitive stimulation programs are implemented in medical context, with the aim of slowing down cognitive decline [1] and, therefore, improving the life quality of the patients. However, these programs have some limitations that might compromise the desired impact on the individual's quotidian. These limitations involve, for example, the lack of ecological validity and patients' low motivation, due to the high emotional pressure they feel on following these neurocognitive stimulation programs and assessments [3] . Ecological validity can be seen as a transitional phenomenon, which analyses the current behavior, within specific environments related to the real world, by using discrete and reliable research methods [2] .
The use of serious games is turning into a remarkable resource, as it offers computerized alternatives to neurocognitive stimulation and assessment programs. By focusing our efforts on reducing the impact of the above-mentioned limitations, i.e., reinforcing the need for ecological validity and adapt the tasks' difficulty levels, there is a high probability that the results obtained from a serious game's neurocognitive stimulation program can show positive results [4, 5] .
Although the few projects that use serious games try to solve these problems, none of them covers efficiently the core aspects, such as ecological validity, that we address. Current approaches usually focus on only computerizing the assessments and do not always consider the content of the program itself. In addition, there is no special attention given to the users' interaction.
Our methodology consists on developing a serious game, called SynapseToLife, which focus on the neurocognitive stimulation of the players, by making them perform several tasks, immersed in well-known scenarios, thus strengthening ecological validity. More importantly, the serious game will create a group of familiar daily life scenarios (e.g. kitchen) to the user, in order to allow an easier transfer of the stimulated cognitive abilities into the users' quotidian, given the ecological validity variable that we aim to approach [3, 6] .
Problem Description
With the increasing number of the elderly and the consequent incidence of cognitive decline associated, it becomes important to invest in mental health, to minimize the social and economic impacts of this phenomenon, promoting active ageing.
Since the neurocognitive deficits may be present about 20 years before the clinical diagnosis on dementias, such as the Alzheimer disease [7] , it is necessary to develop more effective and motivating strategies of monitoring and stimulating people's cognitive abilities, allowing them to follow an healthier life style [8] . SynapseToLife will be able to perform an early intervention, which is of major importance in order to slow down possible pre-clinical manifestations of neurocognitive [9] deficits, which, consequently, will contribute for public health's cost reduction [10] .
State of the Art
Serious games allow the monitoring and presentation of stimulus, capable of motivating the user [11] and which show a greater accessibility [12] , presenting positive results [13] .
The use of serious games has been increasingly referenced as an important resource for psychological assessment and intervention [14] . Showing positive results in multiple domains, such as prevention [15] , rehabilitation [14] , neurocognitive stimulation [16] , assessment [17] and monitoring neurocognitive changes [18] , leading to beneficial changes, when it comes to brain plasticity [19] , changing the brain's structure [20] and facilitating the impact of neurocognitive stimulation on everyday functioning [6] . However, the use of serious games, with older people, is still in an early phase [21] and there is little information when it comes to the impact of these programs on the users' quotidian activities and on their quality life [22] .
There are several available games in the market, which aim neurocognitive stimulation [23, 24] . These, however, are not specifically developed to target a certain population and, in most cases, are not supported by robust studies on ecological validity. Although there are empirical evidences of neurocognitive improvements, several games do not evaluate the impact of a serious game in patients' daily life and do not offer content, which benefits the generalization process of, trained tasks, to their daily reality.
Proposed Solution
In this work, we propose to develop the ACT-Age platform, which includes the serious game SynapseToLife, aiming to promote neurocognitive stimulation and assessment. The serious game will enable an easier transfer of the neurocognitive stimulation results to users' quotidian activities, by simulating real life scenarios and users' interactions with them. This will be supported by the ecological validity concept, previously outlined, and which will play a significant role when it comes to reduce the users' anxiety levels, consequently enhancing their motivation, while being cognitively stimulated, and increasing the efficiency of the neurocognitive stimulation's results.
Throughout the game, tasks, adapted from the neurocognitive stimulation programs traditionally implemented, will be presented to the users along with a calculated difficulty level. The purpose of the game's tasks, is to simulate real life situations where users need to evoke their cognitive processes. A dynamic difficulty adjustment (DDA) component will also be an essential tool to develop, as it is a powerful expert control system, capable of studying and interpreting users' performances, throughout the game, and adapting (controlling) the game and tasks' difficulty according to the users' cognitive capabilities, directly assisting each one of them.
Main Components
SynapseToLife is organized in four different scenarios, where each will simulate real world situations, as the user will need to go through them, while performing the intended stimulation tasks. By structuring the game flow in mini games, adapted to real life situations or problems, users will hardly percept they are performing stimulation tasks and will only worry about having fun by completing these random tasks.
Another important component to be developed is the DDA system, as it is crucial when it comes to adapt the mini games' difficulty to the user's cognitive ability. Its job involves analyzing the player's performance and assure that he or she keeps relaxed and in a concentrated state of mind, by constantly presenting challenges and rewarding them accordingly (game flow). Shortly, the DDA allows the automatic readjustment of the game's difficulty, based on the player's performance results. These results, along with all users' interactions while playing the game, will be recorded in a centralized server. Later on, the expert will analyze these same results, by accessing this server. These actions are transformed into useful and careful information and, more specifically, in data that the expert needs in order to study the player's performance, such as the number of right answers, the number of attempts, the response times or the cognitive processes approached (e.g. memory).
Lastly, and before the game starts, a diagnostic test will be presented to the user with the aim of setting a baseline, enabling posterior comparisons and analyzing the evolution of the players' cognitive status. This way, it is possible to understand if neurocognitive stimulation occurred and if the game itself presents all the tools needed to perform this stimulation. Figure 1 presents the relationship between the business concept (cognitive stimulation) and the project development. With this scheme, it becomes easier to visualize the interaction between the user and the expert.
Game Structure
Players will need to complete the mini games and a diagnostic test, which will be better approached further on. The final results are reported to the expert, to perform the diagnosis. Both the IT staff and the expert will provide assistance to the players, in case they have doubts related to the activities they will need to perform. In Fig. 2 , it is possible to understand, more specifically, the game flow, which consists on the game's life cycle. 
Game Scenarios
All scenarios, presented in Fig. 3 , will be developed in 3D, by using the Unity3D platform. The tridimensional model was chosen due to the ecological validity factor. The more detail the game presents, the more the players become concentrated and the easier it is for them to understand the logic behind the tasks they perform throughout the game, which mainly focus on certain cognitive processes, like memory and attention. Each scenario is responsible for asking the completion of tasks related to that specific scenario. For example, in the Kitchen scenario, the player only performs kitchen related tasks, such as cooking, promoting stimuli on specific cognitive processes. The same applies to the other scenarios and this is the base of ecological validity, i.e., answer questions or performing tasks that are inserted in a given context and that can actually happen in a real life situation (Fig. 4) .
Expected Outcomes
After the project development phase, the users and the serious game will be both evaluated, in different ways. The game must be able to retrieve, from the users' interaction with the game, information needed for the expert, in order for him to draw his conclusions. The serious game will also need to be able to analyze the players' responses throughout the game, since the tasks' difficulty levels must be adapted according to the user needs and since it is essential for us to study these same responses and observe their interaction. During this assessment phase, users' responses will be assessed and carefully analyzed, i.e., the extracted and quantified results, from the neurocognitive stimulation program performed, will be studied.
Output Model
The players' actions are directly connected to their performance, i.e., there is a set of features that help us understand how the user performance during the game or how this same user is dealing with it. The variables (e.g. right answers) together, form this output model so that the expert can analyze the players' cognitive ability in the best way possible. The output model, in turn, will be allocated in the available server. However, the game has an error-free structure, which means that the player will not advance to the next phase without understanding what he or she did wrong and without knowing how can the current problem must be solved. This way, the neurocognitive stimulation has more impact on the player, as the probability of him solving an equal problem, in the future, increases.
Assessment Plan
The assessment will be based on a study with a quasi-experimental design, where an independent variable (cognitive training) is manipulated, verifying its effect on dependent variables (e.g. attention). Taking this into account, and shortly, the assessment process consists in the following steps:
• Interview and select the most suitable participants for the experiment, using the previously defined restrictions.
• Compare the pre-assessment results with the post-assessment results, analyzing all data obtained from the game and the neurocognitive assessment; • Post-Post assess the participants after a few weeks or months, in order to confirm if there was retention of the cognitive skills acquired.
After the project development, six weeks will be reserved for this final assessment process, conducted by the expert and supported by the IT staff, in order to give a scientific answer to the work accomplished.
Main Contributions
Overall, the outcomes expected are based on the cognitive assessment itself, i.e., the game should present better results when compared with classic neurocognitive stimulation programs. The project ought to also show improvements on the interaction between the user and the computer, as efforts will be made related to this situation. Furthermore, it is essential making the system able to be sensitive to the players' interaction with the game's environment (e.g. verify if the tasks are having the correct reactions) and adapt its difficulty accordingly. We also expect to confirm that our serious game has ecological validity, since it has a preponderant role in the project's main purpose.
Conclusions
The serious game proposed in this work aims to overcome the limitations of current solutions addressing active ageing. It is based on a set of scenarios simulating familiar environments and everyday activities of an individual's daily life. This allows stimulating users' cognitive abilities and transferring the stimulation results to the tasks normally performed during their quotidian. The user interaction with the game, while playing it for stimulation, will be monitored and recorded in a cognitive model to allow guiding the effective stimulation towards deficitary cognitive processes. This model will also allow the neuropsychological profile monitoring and an effective intervention with ecological impact. We expect this serious game to become a robust tool being able to study, interpret and stimulate users' neurocognitive processes.
We aim to provide our future players a welcoming environment, by carefully analyzing which content is necessary to insert inside the game, in order to promote ecological validity, which is our main focus during the development phase, and by developing a tutorial which will help the player to get acquainted to the gameplay. Moreover, the DDA component must be able to analyze every situation possible and every user interaction throughout the game. It is also necessary to consider the interaction itself.
Thus, we seek to develop a solid serious game, in a technological and scientific point of view, which will promote the development of the knowledge necessary for the implementation of this technology in new markets with potential growth, aiming several domains, such as health, well-being, ageing and social inclusion. This project also seeks to give answers to questions based on the implementation, experimentation challenges, quality control in application domains and impact on users' quality life. These scientific evidences will allow a safer investment from the digital games' industry professionals in developing the "serious" market of games. Another important activity intends to disclose the project and its results.
